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57 ABSTRACT 
Non-volatile semiconductor core memory performance 
is enhanced by reduced stress on core memory cells. 
Stress is reduced by selectable application of bias volt 
ages to the sense line under control of the word line. 
The word line is connected to an inverting device in 
turn connected to a transistor effective for grounding 
the gate of a variable threshold programmable transis 
tor in the memory cell. Power down of the word line is 
reflected in synchronous power-down of the sense line. 
Additionally, with power down, the sense amplifier for 
the particular core memory cell is disconnected from a 
master latch circuit, which in turn is connected to a 
slave latch circuit for applying the previous sense am 
plifier output to an input/output buffer, in order to 
secure the data sensed in core memory during read 
operation. The invention further permits reduced word 
line voltages during erase operation on the sense line 
and the variable threshold programmable transistor. 
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1. 

STRESS REDUCTION FOR NON-VOLATLE 
MEMORY CELL 

TECHNICAL FIELD 

The invention relates to methods for reducing stress 
in a non-volatile semiconductor memory. 

BACKGROUND ART 

Non-volatile memory devices, such as electrically 
programmable and UV erasable read only memories 
(EPROMs) and electrically erasable and programmable 
read only memories (EEPROMs), comprise core arrays 
of memory cells, with each cell including a variable 
threshold transistor. Such transistors are programmable 
by shifting the voltage threshold for conduction. 

FIG. 1 shows a portion of a memory array 10 accord 
ing to the prior art, including memory cells 11, each 
memory cell in turn including a pair of transistors, the 
first one being a select transistor 11a and the second 
being a variable threshold transistor 11b. According to 
one version of the prior art, the select transistors 11a are 
n-channel enhancement transistors, and the variable 
threshold transistors 11b are n-channel native transis 
tors. Other kinds of memory cells 11 including a greater 
number of transistors are known in the prior art as well. 
The memory cells 11 shown in FIG. 1 are intercon 

nected by bit lines 12, sense lines 13, and word lines 19, 
as shown. In particular, the drains of the n-channel 
enhancement select transistors 11a will be connected to 
an adjacent bit line 12. The gates of select transistors 
11a and variable threshold transistors 11b will respec 
tively be connected to adjacent word lines 19 and sense 
lines 13. 
FIG. 2 shows a non-volatile memory arrangement 20 

of the prior art, including a selected portion of memory 
array 10 from FIG. I. Again, memory cell 11 is shown 
including a pair of transistors respectively select transis 
tor 11a and variable threshold transistor 11b. As before, 
according to an n-channel implementation of select and 
variable threshold transistors, 11a and 11b, the drain of 
select transistor 11a will be connected to bit line 12, and 
the respective gates of select and variable threshold 
transistors, 11a and 11b, will be connected respectively 
to word and sense lines, 19 and 13. Word line 19 is 
driven by a word line decoder 22 which is subject to 
control signals, PWRUP, which it has been pro 
grammed to recognize. 

Additionally shown in prior art FIG. 2 is read select 
transistor 24 which is connected to read select line 26. 
When read operation is active, read select transistor 24 
is turned on, electrically connecting bit line 12 to a data 
bus 27 which is connected to a sense amplifier 29. Bit 
line 12 is further connected to a bit latch 30 through a 
programming select transistor 32 which is controlled at 
its gate by a programming select line 34. According to 
a typical arrangement of the prior art, read select tran 
sistor 24 is an n-channel enhancement transistor, and 
programming select transistor 32 is an n-channel en 
hancement transistor. 
Word line 19 of FIG. 2 according to the prior art is 

connected to a word line latch 42 which is provided 
with a word line bias voltage, VWL, from word line 
voltage source 44. Word line latch 42 includes word 
line latch transistors 46 and 48. Word line latch transis 
tors 46 and 48 are connected at their sources to the 
positive voltage side of word line voltage source 44. 
The respective gates of word line latch transistors 46 
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2 
and 48 are connected to each other's drains. In other 
words, the gate of word line latch transistor 46 is con 
nected to the drain of word line latch transistor 48, and 
the gate of word line latch transistor 46 is connected to 
the drain of word line latch transistor 48. Word line 
latch 42 additionally includes an n-channel enhance 
ment word line latch transistor 50 which is connected at 
its gate to word line 19 and to the drain of word line 
latch transistor 46. The drain of word line latch transis 
tor 50 is connected to the gate of word line latch transis 
tor 46 and to the drain of word line latch transistor 48. 

Sense line 13 in prior art FIG. 2 is further connected 
to first and second reference pass transistors 35 and 40, 
both of them being n-channel enhancement devices, at 
their respective sources. The respective drains of first 
and second reference pass transistors 35 and 40 are 
connected to the respective positive sides of first and 
second reference voltage sources, 36 and 38. The gates 
of respective first and second reference pass transistors 
35 and 40, are connected respectively to word line 19 
and to the output of word line latch 42. 
According to the prior art, when the circuitry of 

FIG. 2 is subject to read operation, the conductive state 
of memory cell 11 is queried by connecting bit line 12 to 
sense amplifier 29 and by applying appropriate bias 
voltages to the selected bit, sense, and word lines 12, 13, 
and 19. If cell select transistor 11a is turned on and the 
bias voltage applied to the sense line 13 exceeds the 
threshold of the variable threshold transistor 11b, then 
current will flow from bit line 12 to ground through cell 
11, and sense amplifier 29 will detect a “low” state, 
which is so defined according to convention. Con 
versely, if the bias voltage applied to sense line 13 does 
not exceed the threshold of variable threshold transistor 
11b, then no current willflow through cell 11, and sense 
amplifier 29 will detect a “high” state. 
Thus, the low or high state of a particular cell 11 

corresponds to the low or high threshold of variable 
threshold transistor 11b. Irrespective of the conductive 
state of selected memory cell 11 during a read opera 
tion, particular bias voltages will be applied to its re 
spective terminals, i.e., bit line 12, sense line 13, and 
word line 19. While these bias voltages will have had 
the desired effect of providing the necessary stimulus 
for detecting the conductive state of memory cell 11, 
the bias voltages also may have had the undesirable 
effect of disturbing the programmed state of variable 
threshold transistor 11b. This deleterious effect of the 
various bias voltages is unfortunately enhanced by time, 
i.e., the longer the particular voltage biases are applied, 
the more likely it is that the programmed threshold of 
transistor 11b will have been disturbed. Thus, the bias 
voltages applied to memory cell 11 act as undesired 
stress voltages. 

During programming operation, the bias voltages 
applied to the various terminals of memory cell 11 are 
much higher than those applied during read operation. 
Again, while these high bias voltages have the desired 
effect of modifying the threshold of the programmable 
memory cell 11, they also have the undesired effect of 
stressing the various transistors in memory cell 11, 
which causes a negative impact on long term reliability. 

Accordingly, an object of the invention is to reduce 
stress during read and programming operations of the 
memory cells in semiconductor memory arrays by mini 
mizing the amount of time that the various bias voltages 
are applied to the memory cells. 
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A further object of the invention is to increase the 
effective operable lifetime and reliability of the core 
memory in non-volatile semiconductor memory arrays. 

SUMMARY OF THE INVENTION 

The above objects are achieved in a nonvolatile semi 
conductor memory by the employment of multiple 
word-line driven reference voltage pass devices for 
selectively applying a predetermined single voltage bias 
to the sense line at a plurality of sense line locations 
distributed at selected locations of the sense line, to 
ensure immediate application of bias voltages to the 
sense line, when directed by a word line signal applied 
to the reference voltage pass devices. The sense line is 
connected to a sense line latch and a sense line ground 
ing device. According to this arrangement, read bias 
voltages are applied for only as long as required for 
determining the conductive state of the selected mem 
ory cell, and one of the high voltage biases normally 
applied during programming operation is eliminated as 
well. 
Read bias control is accomplished by synchronizing 

read bias voltage application with address changes. 
Accordingly to the technique, word line bias signals are 
applied for a limited time following an address change 
from one core memory cell to another. Further, the 
sense line bias is applied only as long as the word line is 
active. Synchronization of sense line bias with word line 
bias is achieved by using word line driven reference 
voltage pass devices connecting the reference bias sup 
ply to the sense line at distributed locations thereof, and 
by connecting the self-decoding latch and a sense line 
grounding device to the sense line. The sense line 
grounding device is driven by a word line latch. 

During read operation, the bit line corresponding to a 
selected memory cell is connected to the sense amplifier 
by opening a read select transistor. The word line corre 
sponding to the particular memory cell is selected by a 
word line decoder. Finally, the sense line is connected 
to its reference bias through a word line driven refer 
ence voltage pass transistor. All the memory cells shar 
ing the selected word and sense lines will see the same 
bias on the gates of the cell select and variable threshold 
transistors, but will be driven on the bit line side only if 
selected by a read select transistor. Among the cells 
sharing a bit line only the cell with a selected word line 
will see a drain bias on the variable threshold transistor. 
All the memory cells sharing non-selected word lines 
will be biased at zero volts on both the cell select tran 
sistor as well as on the variable threshold transistor 
gates. The stress on the selected cells is reduced by 
applying bias voltages synchronously following an ad 
dress transition detection (ATD) and then removing the 
bias after storing the result of the sensing operation. 
Since this approach requires switching of the sense line 
bias from zero to VREF, both the number and actual 
physical layout of the pass transistors used for connec 
tion of reference voltage bias to the sense line is made 
compatible with the targeted switching speed by includ 
ing a plurality of reference voltage pass transistors dis 
tributed over the length of the sense line. 

During erase operation, the word line associated with 
a selected memory cell, the reference voltage supply, 
and the word line latch voltage supply are all set at the 
same potential. However, the sense line latch voltage 
supply is set to a very high voltage level. Accordingly, 
while the voltage level on the sense line will be at a very 
high level in order to accomplish erase, the voltage 
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4. 
levels applied to the select transistor of the selected 
memory cell during erase are set at a much lower stress 
level. Additionally, the voltages applied to the refer 
ence voltage pass transistors, whether selected or not, 
will be much lower than the very high level applied to 
the sense line in order to accomplish erase operation. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a non-volatile semiconductor memory 
core arrangement comprising two-transistor cells ac 
cording to the prior art. 
FIG. 2 shows a non-volatile semiconductor memory 

arrangement according to the prior art, which includes 
a sense amplifier arrangement. 

FIG. 3 shows a non-volatile semiconductor memory 
arrangement according to the invention herein, includ 
ing inventive multiple reference voltage pass devices 
driven by the word line, as well as an inventive sense 
line latch and sense line grounding device. 
FIG. 4 is a circuit arrangement for latching the 

sensed data in connection with ATD controlled power 
up of the sense amplifier and a selected word line. 
FIG. 5 is an electric circuit effective for producing 

the power-down and control signals in connection with 
the invention herein. 
FIG. 6 is a timing diagram of the power-up, power 

down, and control signals required for implementation 
of the process described in connection with FIG. 7. 
FIG. 7 is a flow diagram directed toward details of 

the power-up and power-down processes according to 
the invention herein. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

FIG. 3 shows a non-volatile memory arrangement 
according to the invention herein. Memory cell 11 is 
shown including a pair of transistors respectively select 
transistor 11a and variable threshold transistor 11b. The 
memory state of variable threshold transistor 11b is 
either “high” or “low.” This memory state is consid 
ered to be data which is sensed during read operation or 
programmed during programming operation. 
According to an n-channel implementation of select 

and variable threshold transistors, 11a and 11b, the 
drain (or output connection) of select transistor 11a will 
be connected to bit line 12, and the respective gates of 
select and variable threshold transistors, 11a and 11b, 
will be connected respectively to word and sense lines, 
19 and 13. Word line 19 is driven by a word line de 
coder 22 which is subject to a control signal, PWRUP, 
which it has been programmed to recognize. For con 
venience herein, the gate, source and drain of the vari 
ous transistors herein may be referred to as the control, 
input and output connections thereof. 

Additionally shown in FIG. 3 is read select transistor 
24 which is connected to read select line 26 at its gate. 
When read operation is active, read select transistor 24 
is turned on, electrically connecting bit line 12 to a data 
bus 27 which is connected to sense amplifier 29. Bitline 
12 is further connected to a bit latch 30 subject to con 
trol of programming select line 34 connected to the gate 
of programming select transistor 32. According to a 
typical arrangement of the prior art, read select transis 
tor 24 will be an n-channel enhancement transistor, and 
programming select transistor 32 will be an n-channel 
enhancement transistor. 
Word line 19 of FIG. 3 is connected to word line 

latch 42 which is provided with a word line bias volt 
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1. A non-volatile semiconductor memory cell ar 

rangement comprising: 
a memory cell including first and second memory cell 

transistor arrangements, the second memory cell 
transistor arrangement including a variable thresh 
old transistor, each of said first and second memory 
cell transistor arrangements including respective 
input, output, and control connections, and the 
input connection of the first memory cell transistor 
arrangement being connected to the output con 
nection of said second memory cell transistor ar 
rangement; 

a word line connected to the control connection of 
said first memory cell transistor arrangement to 
permit cell selection; 

a sense line connected to the control connection of 
said second memory cell transistor arrangement; 

a bit line connected to the output connection of said 
first memory cell transistor arrangement to enable 
sensing of the memory state of said variable thresh 
old transistor; and 

sense line latch means for applying an erase voltage 
level on said sense line being much greater than a 
voltage level present on said word line, during an 
erase operation of said memory cell, thereby reduc 
ing the voltage stress levels on said word line. 

2. A non-volatile semiconductor memory arrange 
ment according to claim 1, further comprising sense 
latch means for applying one of selected voltage levels 
to said sense line, said selected voltage levels including 
a supply voltage level, a reference voltage, and an erase 
voltage level. 

3. A non-volatile semiconductor memory arrange 
ment according to claim 2, wherein said sense latch 
means is effective for applying a voltage on said sense 
line sufficient to erase said variable threshold transistor. 

4. A non-volatile semiconductor memory arrange 
ment according to claim 1, further comprising means 
for applying selected Voltages to said sense line at a 
plurality of locations, said applying means including a 
plurality of transistors, each of which has a drain con 
nected in common with a power supply, a source con 
nected in common with said sense line, and a gate con 
nected in common with said word line. 

5. A non-volatile semiconductor memory arrange 
ment according to claim 4, further comprising means 
for grounding said sense line. 

6. A non-volatile semiconductor memory arrange 
ment according to claim 5, wherein said means for 
grounding is controlled by a word latch means. 

7. A non-volatile semiconductor memory arrange 
ment according to claim 1, further comprising means 
for grounding the control connection of said second 
memory cell transistor arrangement synchronously 
with power-down of said word line, whereby stress in 
said memory arrangement is reduced. 

8. A non-volatile semiconductor memory arrange 
ment according to claim 7, wherein said means for 
grounding is controlled by the voltage state of said 
word line. 

9. A non-volatile semiconductor memory arrange 
ment according to claim 1, further comprising a data 
latching arrangement, connected to the output of said 
sense amplifier, for securing data found in said memory 
cell, said data latching arrangement being effective for 
maintaining the secured data after power down of said 
word and sense lines, whereby stress is reduced in read 
ing data in said memory arrangement. 

10. A non-volatile semiconductor arrangement ac 
cording to claim 7, wherein said means for grounding 
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10 
includes a transistor having a control gate which is 
connected to the word line through an inverting device. 

11. A non-volatile semiconductor arrangement ac 
cording to claim 10, wherein a latch is employed for 
inverting the voltage state of said word line. 

12. A method of conducting memory cell operation in 
a semiconductor memory including the steps of: 

connecting a select transistor and a variable threshold 
transistor in series in a non-volatile memory cell, 
each of the transistors including a control connec 
tion, and connecting them at their respective con 
trol connections respectively to a word and a sense 
line, and said select transistor includes a drain con 
nection connected electrically to a bit line and a 
sense amplifier, 

individually controlling the voltage states of said 
sense and word lines to ensure synchronous power 
down of said senseline when the word line receives 
a power-down signal; and 

grounding the control connection of said variable 
threshold transistor during memory cell power 
down. 

13. A method of conducting an erase operation on a 
selected memory cell of a non-volatile semiconductor 
memory having select circuitry and a variable threshold 
transistor for storing memory state information, said 
select circuitry being controlled by a word line and the 
memory state of said variable threshold transistor being 
controlled by a sense line, said method comprising the 
steps of: 

applying an erase voltage level to said sense line ef 
fective for erasing memory state information on 
said variable threshold transistor; and 

applying a voltage upon said word line which is less 
than said erase voltage level, to limit the stress 
upon said word line during erase operations. 

14. A non-volatile semiconductor memory cell ar 
rangement, comprising a non-volatile memory cell in 
cluding first and second memory cell transistors con 
nected in series, the second memory cell transistor 
being a variable threshold programmable transistor, 
each of said first and second memory cell transistors 
including respective input, output, and control connec 
tions, the output connection of said first memory cell 
transistor being connected to a bit line for sensing the 
memory state of said second memory cell transistor, and 
the input side of the first memory cell transistor being 
connected to the outputside of said second memory cell 
transistor; a word line connected to the control connec 
tion of said first memory cell transistor; a sense line 
connected to the control connection of said second 
memory cell transistor; a reference voltage pass transis 
tor means for applying a predetermined bias voltage at 
distributed locations of said sense line, said means for 
applying being under control of said word line; and 
means for selectably grounding said sense line and the 
control gate of said second memory cell transistor. 

15. A non-volatile semiconductor memory cell ar 
rangement according to claim 14, further comprising 
word line means for setting the voltage level on said 
word line, said word line means being effective for 
grounding said sense line in synchronism with a power 
down signal on said word line. 

16. A non-volatile semiconductor memory cell ar 
rangement according to claim 14, further comprising 
means for applying a voltage level focussed on said 
sense line and sufficient to erase the memory state of 
said second memory cell transistor. 
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